Abstract: With the emergence of highly interactive applications on the World Wide Web has come a realisation that customer engagement is an increasingly important requirements consideration. It is currently not clear, however, what kinds of requirements websites have to adhere to in order to offer the right kinds of customer experience. In this paper, we report on a study in which we explored the relationships between content, presentation and usability of websites and how these relate to the overall satisfaction of the user and their willingness to purchase goods and services. Based on the results we can make recommendations about requirements considerations for content and presentation in the form of trade-offs that need to be considered by requirements-engineers.
Introduction
With the emergence of highly interactive applications on the World Wide Web (or web for short) has come a realisation that usability is no longer the only, or even the main, user experience requirements consideration (e.g., Bolchini and Paolini, 2004) . In the days when the web was used primarily as a source of information it was indeed appropriate to focus on the usability and, more specifically, the navigability of websites. In recent years, however, users' goals and expectations have changed from utilitarian information-seeking to enjoyment, fun and entertainment (e.g., Blythe et al., 2004; Norman, 2004) . Even activities such as online shopping are now expected to be pleasurable experiences in their own right and not merely time-and effort-saving substitutes for shopping in the high street or mall. Thus, it is now also increasingly clear that if businesses are to compete on the web they need to be able to provide experiences that engage the customer (e.g., Chen and Sockel, 2004) . It is less clear, however, what the requirements considerations are for building engaging web applications, how engagement relates to users' overall satisfaction with a website, and how this influences customers' buying behaviour.
Considering customer engagement as a requirement for e-commerce web design constitutes a departure from the traditional concept of requirements engineering which focuses first of all on content and functionality, then considers usability, and finally pays lip-service to the importance of graphic design (Overmyer, 2000) . Indeed, engagement is likely to constitute a trade-off between the user's motivation to explore a website and costs of this exploration in terms of usability (Sutcliffe, 2002) . Moreover, whether a user can be motivated to explore a website depends not only on the content and functionality offered, but equally on the way in which this content and functionality is presented. The requirements for content, functionality, usability and graphical design must therefore be considered with equal importance in website development.
In this paper, we report on a study in which we explored the relationships between the content, presentation and usability of websites and how these relate to the overall satisfaction of the user and their willingness to purchase goods and services. In particular, we tested a number of high level requirements for content, presentation and usability in the form of website design heuristics. The heuristics, which embody the high level requirements, were applied to two websites which were considered similar in purpose and functionality, but offered different kinds of user experiences through differences in the choice of content and styles of presentation. By investigating how the heuristics apply to these websites separately and then asking users to express preferences for one site over the other we were able to assess the relative importance of content, presentation and usability for the relative effectiveness of these e-commerce websites.
Related work
It has been previously noted that the requirements considerations for web applications are not necessarily the same as for more traditional interactive applications, or even hypermedia applications (e.g., Bolchini and Paolini, 2004; Ha and James, 1998; Overmyer, 2000; Sanchez, 2003) . For example, Sanchez (2003) suggested that the ability of a website to not only capture the user's attention but also to hold it for a period of time extending beyond a single visit is an important consideration in the light of the many competing websites usually available to customers. From this requirement to make websites 'sticky' arise a number of design recommendations. These include such issues as frequency of updating contents to make revisiting a worthwhile experience (Ha and James, 1998) , creating relationships through reciprocal communication (Chen and Sockel, 2004) , and the personalisation of pages based on user-action logs (Bolchini and Paolini, 2004) .
Branding has been highlighted as a particularly important requirement for e-commerce websites. However, it is not yet clear what determines customer's perception of brand image. Merrilees and Fry (2002) propose a structural model of branding which links the perception of brand image to the amount of interactivity included in the website, its usability and the presence of trust-building components such as the completeness of information and use of secure transaction mechanisms. Bolchini and Paolini (2004) offer a taxonomy of requirements for hypermedia intensive web applications which also highlights the importance of the interactivity of a website, together with considerations for content, navigation, and presentation. Sutcliffe (2002) proposed a process model for website effectiveness in which the overall satisfaction with a website depends on its usability, but also on its initial attractiveness and, for e-commerce sites, its power to persuade users to buy. From these studies, it becomes clear that we need to investigate the importance and inter-relationships of three factors underlying the customer experience: 1 usability, which includes navigation 2 content, which includes interactivity and choice of media 3 presentation, which includes graphical design considerations.
When we consider requirements for presentation, the aesthetic quality of a website constitutes an obvious consideration. However, few experimental investigations into the aesthetics of interactive systems have been carried out apart from those by Tractinsky (1997) , who demonstrated that users' perception of aesthetic qualities was an important, and culturally variable, component in rating the quality of Automatic Teller Machine (ATM) user interfaces. Further evidence for the importance of aesthetics can be found in the study by Hassenzahl et al. (2000) , who asked users to compare six different designs of a process control application, with questionnaire inventories for experience, hedonic and appeal qualities. Hassenzahl et al. (2000) concluded that both experience and hedonic qualities contributed approximately equally to the overall judgement of appeal. However, these studies either did not specify which design features they varied to test aesthetic quality or varied on simple aspects such as colour and layout consistency as in Tractinsky's studies.
More recently, Lavie and Tractinsky (2004) found clear evidence for a two-dimensional structure of perceived website aesthetics. The first dimension was characterised by qualities embraced by classical notions of what constitutes aesthetic design, such as 'clean', 'clear' and 'symmetrical'. The second dimension was characterised by qualities that capture the user's perception of creativity and originality of the site's design. They labelled these apparently separable dimensions of aesthetics as 'classical' and 'expressive' aesthetics respectively. Hassenzahl (2004) argued that judgements about the aesthetic quality of MP3 player interfaces are based on three types of considerations; pragmatic ones relating the usability of the site, how much stimulation is provided and how much the site reflects the user's tastes and attitudes. The latter two can be considered to constitute very similar concepts as those proposed by Lavie and Tractinsky (2004) , reflecting qualities of content and presentation.
The validity of separating qualities of perceived aesthetics into 'classical' and 'expressive' dimensions was tentatively confirmed by Sutcliffe and De Angeli (2005) when they used the heuristics for attractiveness developed by Sutcliffe (2002) to evaluate a traditional static menu-based website and its metaphor-based equivalent which used Flash™ animation. The sites did not differ on users' judgements on items measuring classical aesthetics, but on items measuring expressive aesthetics the menu-based site scored significantly lower than the metaphor-based site. It could therefore be argued that by including elements contributing to this expressive dimension of aesthetics interacting with e-commerce websites becomes a 'fun' activity (cf. Chao, 2004) .
In this paper, we aim to extend the findings reported in this section by shedding more light on the relationships between the antecedents of users' experiences of websites, i.e., usability, content and presentation, in order to develop a more complete picture of the customer requirements considerations for e-commerce websites.
Method
Two live e-commerce websites were used in this study, www.hmv.co.uk (HMV; see Figure 1 ) and www.cd-wow.com (CD-WOW!; see Figure 2 ), both selling CD-ROM music. The structure and content of the websites remained constant throughout the study, apart from minor changes to details of product listings. The websites were chosen because they both offered comparable utility, but differed in their look and feel. CD-WOW! is superficially more youth oriented in appearance with stronger colours and bolder elements, compared to the more minimalist look and feel of HMV. An initial expert evaluation of the two sites indicated that HMV had a better information layout. In particular, the HMV site was less cluttered. In addition, the dialog with the HMV site seemed to be much more logical and direct. Selecting a particular music CD on the HMV site, for example, resulted in a page with information about just that CD including links to music samples. The same action on the CD-WOW! site resulted in a page that presented mostly other items than the one selected. Information about each item was very basic and did not include music samples. In contrast, however, CD-WOW! had the more strident design in terms of the use of colours and advertising. 
Heuristics questionnaire
The heuristics questionnaire had to be completed twice, once for each website. It contained questions based on the heuristics and, in addition, questions asking users to directly rate the website for attractiveness, usability and persuasiveness. Two sets of heuristics were used, heuristics for attractiveness proposed by Sutcliffe (2002) , which distinguish between content and presentation, and heuristics for usability proposed by Perlman (1997) . In addition, it contained questions about the representation of brand image on the websites (see Appendix A). The heuristics included in the questionnaire were originally suggested by Sutcliffe (2002) as a way to measure the perceived attractiveness of websites as a measurable parameter of the users' motivation to explore a website. In this view, attractiveness can be divided into generic qualities of a user interface, such as aesthetic design and use of media to direct attention, and content related issues of linking visual style, brand image and messages to users' knowledge of the organisation. The heuristics suggested by Sutcliffe (2002) extended existing advice on website design (Nielsen, 1999; IBM, 2000) and partially formulated principles for aesthetic design (Mullet and Sano, 1995; Kristof and Satran, 1995) , based on users' requirements.
Comparative questionnaire
The comparative questionnaire consisted of three sections. Users were asked which of the two websites was more effective in Section 1, which was more attractive in Section 2, and which they would use to buy online in Section 3. In each section they were asked to rank a number of factors according to the importance these had on their decision (see Appendix B).
Participants
One hundred seventy-nine undergraduate students of the School of Informatics, University of Manchester, participated in the experiment as part of their coursework for a course module in Human-Computer Interaction (HCI). In the course module they were given basic knowledge of HCI including heuristics-based evaluation. In addition, they were briefed about the correct interpretation of the heuristics used in the experiment, which removed as far as possible any of their ambiguity. Each participant (P) was required to explore both websites in any order and to complete one heuristics questionnaire for each site before completing the comparative questionnaire. It was anticipated that the order in which the sites were explored would vary more or less randomly between Ps, which ensured that each site was explored before the other approximately equal number of times due to the large sample of subjects.
Results
Results are summarised in three main sections. Section 1 reports a psychometric validation of the research instruments, Section 2 concentrates on the inter-site comparison and Section 3 presents a predictive model for the role of attractiveness, usability and persuasiveness in the overall satisfaction with websites.
Psychometric validation
Responses to the 11 heuristics for attractiveness were subjected to a reliability analysis, to evaluate their internal consistency. Cronbach's alpha 1 values were moderately low (α = .69 for the HMV site and α = .74 for the CD-WOW! site), suggesting that the scale could be composed of different factors, rather than reflecting a single homogeneous dimension. To further investigate the psychometric properties of the scale, a factor analysis was conducted applying the principal-axis factoring method with Varimax rotation 2 on the questionnaires collected from each website. On the basis of a scree-plot analysis and factor interpretability, two main factors were extracted from the questionnaires for both sites. These factors accounted for 39% of the total variance in the HMV site and 45% of the variance in the CD-WOW! site. Each factor had an eigenvalue index greater than 1.4.
The rotated factor matrix for both websites is reported in Table 1 . The configuration of the factors was very consistent in the two websites, with only one small difference as regards H4 (Depth of field with Layers), which presented low mixed saturations in the HMV website, while in CD-WOW! it clearly loaded on a single factor. The interpretation of the factors was based on the semantic content of all the items presenting a saturation superior to .35 on one and only one factor, with the only exception of H4 which was included in the classical aesthetic factor even though it did not meet this criterion in the HMV analysis. The first factor concerned a description of classical aesthetic. It addressed dimensions such as judicious use of colours, symmetry, style and visibility of identity. The second factor reflected the expressive aesthetic dimension. It included items such as 'choice of media to attract attention' and 'use of personality and media to attract and persuade'. For each participant and website, a classical and an expressive index were computed averaging scores to individual items according to the factor configuration. The result is consistent with the two-dimensional structure of perceived website aesthetics proposed by Lavie and Tractinsky (2004) . A reliability analysis was run on the 13 usability heuristics for both websites. This returned an alpha value of .86 for CD-WOW! with all heuristics showing a corrected item-total correlation superior to .41, reflecting a very high internal consistency of the instrument. Results for HMV yielded an alpha of .77, with heuristic 1 (Help and documentation) showing a low correlation with the rest of the scale (r = .17). Nevertheless, due to results in the analysis of CD-WOW! questionnaires, we decided not to discard the item and computed two overall usability indexes averaging scores to all 13 items.
Intersites comparison 4.2.1 Heuristics questionnaire
The classical and expressive indexes of aesthetics were entered as dependent variables in a repeated measure Anova with dimension (2) and site (2) as the within-subjects factors. The main effects of dimension and site were highly significant [F(1, 142) = 406.79, p < .001 and F(1, 142) = 67.83, p < .001, respectively], with no interaction effect. As can be seen in Figure 3 , the classical dimension scored better than the expressive one, and HMV scored better than CD-WOW!. Descriptive statistics (mean and standard errors) for the individual items of each aesthetic factor in the two experimental conditions are reported in Table 2 . The first seven items (labelled C-H) refer to the classical aesthetic dimension. The remaining three items (E-H) refer to the expressive aesthetic dimension. With the exception of E-H9, all heuristic evaluations were found to be significantly better for HMV than for CD-WOW! (p < .001). The better evaluation of HMV with respect to attractiveness, was matched by a better evaluation on usability, t (141) = 7.14, p < .001. The average usability score for the HMV site was 3.6, while CD-WOW! scored 3.2. Descriptive statistics for individual heuristics are summarised in Table 3 . All the differences tended to favour HMV over CD-WOW!. 
Comparative questionnaire
The trend emerging so far from the heuristics questionnaire, showing a clear advantage of HMV over CD-WOW!, is reflected in the comparative evaluation questionnaire. The HMV site was judged to be more effective than the CD-WOW! site by 69.8% of Ps and more attractive by 70.4% of Ps (both significant in a binomial test with equal expected probabilities, ps < .01). The HMV site would have been used by 57.5% of Ps to buy online, but this was not significantly different from the percentage of Ps who would have used CD-WOW! (p > .05). Participants were asked to explain their preference by ranking a number of factors in order of descending importance. We calculated the average rank of each factor separately for Ps who preferred HMV and those who preferred CD-WOW!. The results are displayed in Table 4 . The results suggest that Ps who found HMV more effective, based their choice on more or less the same qualities of the sites as did Ps who found CD-WOW! more attractive. The same was the case for their choices of the more attractive site. Important factors for deciding on the more effective of the two websites were their ease of use, content, and reputation/security, whereas the least important factors were their coolness, the availability of help, and their functionality. Important factors for deciding which site was more attractive were their colours, content and graphics. Least important were the presence of advertisements and video. The unimportance of video is obvious when it is considered that neither site included any video. Some striking differences were found in the reasons given for deciding which site to use to buy CDs from. Important factors for deciding to buy from the HMV site were ease of use, reputation and the range of items offered, whereas deciding to buy from CD-WOW! was based primarily on price and discounts. Notice that brand image was moderately important for people who would buy from HMV, but absolutely unimportant for those who would buy from CD-WOW!.
Predictive model
The relationships between the three judgements on the comparative questionnaire were assessed by calculating their correlations using Pearson's Product Moment Correlation statistic. We found that when a website was judged to be more effective, it was also likely to be judged more attractive and to be used to buy music CDs (r = .40 and .49 respectively, ps < .01). Relative judgements of attractiveness and use to buy were only weakly related (r = .16, p < .05), and partial correlations confirmed that this relationship was entirely mediated by their mutual relationships with effectiveness judgements (r = .05, n.s.).
The differences in the scores on the heuristics for attractiveness and usability between HMV and CD-WOW! were computed. These difference scores were then entered as covariates in a binary logistic regression in order to predict Ps preferences in the Comparative Questionnaire. 70% of all the cases were randomly selected for the model building phase of the regression analysis using both Forward(Likelihood Ratio) and Backward(Likelihood Ratio) methods. It was determined that both methods yielded the same results and only those obtained using the Forward(LR) method will be reported here. Once the model was determined, it was used to separately predict the outcome of the selected and unselected cases. The results are shown in Table 5 .
It appears that there is a relationship between judgements of effectiveness and attractiveness, as both can be predicted by heuristic H8, and H4, H10 and H1 which were classified in Section 4.1 as contributing to the same dimension addressing classical aesthetics. The heuristic that appears to be predictive for a website's persuasiveness, H6, was classified as contributing to the other dimension (expressive aesthetic). It has to be noted, however, that it has a very low predictive power. With regards to the usability heuristics, it appears that they have some predictive power only with respect to the effectiveness judgement, as they explain very little of the variance in attractiveness judgement and willingness to buy. Most of the variance in the judgement of website effectiveness is explained by the usability heuristics dealing with the dialog aspect of interacting with a site (U3 and U1). This included the provision of relevant information for actions. Table 5 Results of using scores on the heuristics for attractiveness and usability to predict users' choices of the most effective, attractive and persuasive of the two websites Notes: The heuristics with a significant amount of predictive power are listed in bold (e.g., dH8 stands for the difference in the scores on heuristic 8 for the two websites). R-square is a measure of the amount of variance explained by the heuristics.
Discussion
We found clear evidence for strong relationships between the overall effectiveness of a website and its attractiveness, usability and persuasiveness (Figure 4) . Furthermore, we have confirmed the suggestion that aesthetic judgement is mediated by two dimensions corresponding to a classical and an expressive evaluation (cf. Lavie and Tractinsky, 2004) . Indeed, it appeared that the relationship between the relative attractiveness of the two sites used in this study and their overall effectiveness was mediated by a clear difference in compliance with principles of classical aesthetics between the sites. The HMV site was deemed to be more aesthetically pleasing based on the use of colours, and consistency of style. The way this relates to site's effectiveness may lie in the importance of clear visual style and layout in allowing users to quickly determine the quality of the content and decide to explore the site. Further research will have to determine whether that is indeed the case, for example, by tracking users' eye gaze to see if increasing classical aesthetics allows a more direct and effective scanning of the page. Looking at the constituent considerations underlying each factor it seems to us that the classical dimension is more related to the look and feel of a website (presentation), whereas the expressive aesthetic involves the ability of a site's content to induce arousal in a user (content). This may explain why expressive aesthetics appeared not to be a predictive factor in the preference for the two websites (as illustrated by the absence of connections with expressive aesthetics in Figure 3 ), as the content of both sites was very similar and neither of the two websites used any media that would increase the user's state of arousal such as Flash™ or video. Instead they were almost completely static, with no significant visible marks of an individual style of design. Confirmation of this hypothesis was found in the clear difference in the evaluation of the two dimensions, in the order of half a point out of a five-point scale for both sites (see Figure 3) . The two sites used in the current study did differ on expressive aesthetics not enough to affect, or be affected by, users' other judgements of the sites. In contrast, Sutcliffe and De Angeli (2005) found a clear distinction, based on differences in judgements for expressive aesthetics, between two websites with entirely different interaction styles, one classic menu-based site and a dynamic metaphor-based site using Flash™ animation. Again, we need further research to establish the relationships between expressive aesthetics, attractiveness and effectiveness of websites using sites which incorporate a range of media and styles. Finally, we would like to highlight the importance of considering individual differences in users' judgements for the evaluation of websites. Evidence for their importance can be found in this study when it is considered that different users may express preferences for different sites based on exactly the same considerations. Indeed, heuristics such as 'judicious use of colour' may result in entirely different results when it is applied to a website by different users. A purple website may be aesthetically pleasing to some but not to others. Further evidence for the importance of individual differences can be found in the fact that users who said they would buy from CD-WOW! thought price was the most important consideration, while those who would buy at HMV thought that brand and reputation were more important. Unfortunately, the use of only two websites did not allow us to usefully assess the intra-class reliability of the heuristic judgements across participants. Further research using a wider range of websites will have to be done in order to validate this aspect of the heuristics scales. 
Conclusion
From the results of this study it appears that both attractiveness (in content and presentation) and usability are important requirements considerations for e-commerce websites. The fact that the reasons users gave for preferring one site over the other were independent of the actual preference they expressed points to their importance as requirements considerations. That is, the relative effectiveness and attractiveness of websites can be predicted using the heuristics applied in this study. The heuristics have thereby been validated to some extent as constituting important requirements considerations. This is particularly true for the heuristics that contributed to the classical aesthetics factor which particularly relates to graphical design considerations. The heuristics can therefore be used to guide the requirements gathering process by concentrating the efforts of the requirements engineering onto the factors that really make a difference for the effectiveness of the website.
Interesting conclusions can also be attached to the importance of brand image in persuading customers to buy goods and services online. The results of the current study appear to indicate that having and portraying a strong brand image does indeed persuade customers to buy. This was particularly the case with the HMV site, which is backed by a strong brand image that is furthermore linked to brick-and-mortar retail outlets. A strong brand image may instil a notion of trust in the customer (cf. Merrilees and Fry, 2002) . However, in the absence of a strong brand image, as is the case with CD-WOW!, customers can still be persuaded to buy by offering discount prices.
At this time, the conclusions attached to this study will have to be used with some degree of caution due to the idiosyncratic nature of the participants used in the investigation. Students are an easily available but somewhat unrepresentative sample of the entire population, which may restrict the generalisability of some of the findings. In particular, the predictive model will need to be further validated using more representative samples in future research. For example, studies show that users' preferences for e-Commerce design change with age, with younger users attaching more importance to appearance than older users (Lightner, 2003) . Nevertheless, our initial assumption that the CD-WOW! site would appeal more to our sample of users than the HMV site was not confirmed by our findings, although one might speculate that the design of the CD-WOW! site was simply not radical enough to appeal to our sample of users based on expressive aesthetics. What this paper does not provide, therefore, is a recipe for e-commerce website design. What we have shown however with this study is that the heuristics used in the evaluation represent genuine requirements considerations for e-commerce website design, each of which represents a trade-off that has to be resolved with respect to the prospective users of the site.
Notes

1
Cronbach's alpha reflects the degree of inter-correlation between the heuristics. If all heuristics measure the same underlying variable then one would expect a high value (i.e., >.80) for Cronbach's alpha (Cronbach, 1951) . 2
Varimax rotation was chosen to simplify the factor space (i.e., fewer factors associated with each variable and fewer variables loading on each factor) such that the result were more interpretable (Kaiser, 1958 
Prevent errors
Make it difficult to make errors. 1 2 3 4 5
Error messages
Diagnose the source and cause of a problem and suggest a solution. 
